In this paper, we discuss the spectral encoding capability of gold nanorods and its application to high-density optical data storage.
I. Introduction
Spectral encoding is a promising technique for the next generation high density optical storage. The technique can incorporate another physical dimension to the existing two or three spatial dimensions to increase the capacity to orders of magnitude higher than the current limit.
In previous efforts in spectral encoding, we saw the use of multidye molecules [1] , and metal nanoparticles [2] as recording medium. The spectrally encoded multidye molecule memory, suffers from the inefficiently long recording time to be successfully employed into practical device. The recording in multidye case is by a photobleaching effect, where multiple scan is required before a reasonable contrast is observed. The metal nanoparticle case also requires rather a complicated recording process -electron beam lithography -to record bits. Recently, spectral encoding capability of semiconductor nanocrystals has also been explored [3] .
In order to circumvent the current problems of recording mechanisms for spectral encoding, we propose to use the metal nanorods [4] . The metal nanorods have two important optical properties -they show polarization dependent absorption, and they show two surface plasmon absorption bands corresponding to electron oscillations along the long or the short axis of the rod (see Fig. 1 ). For Au, the transverse plasmon band occurs at ~ 520 nm (which is close to the plasmon resonance for spherical Au nanoparticles), and the longitudinal band that can be tuned with aspect ratio, falls within the visible to near-IR spectral region. Such a unique surface plasmon band structure allows us to apply it to the spectral encoding. In this paper, we demonstrate the spectral encoding capability of nanorods. 
II. Experimental
Gold nanorods of two aspect ratios (3 & 5) are prepared using an electrochemical method [5] . The peak wavelengths of surface plasmon absorption band of the long axis of the rods corresponded to ~760 nm and ~920 nm for aspect ratios 3 and 5, respectively. The nanorods were then transferred to silica sol-gel matrix for optical measurements [6] . The resulting matrix had a typical thickness of ~ 50 µm, and ~ 100 nM concentration of nanorods uniformly distributed. Optical recording was conducted using femotosecond laser pulses (nJ pulses, 80 MHz repetition, typical power ~ 50 mW at the focus) at peak surface plasmon absorption bands of nanorods. The numerical aperture of the recording objective lens used was 0.4.
III. Results & Discussions
1. Recording on a single size nanorod Fig. 2 shows the optical recording on a single size nanorod (aspect ratio 3) doped silica glass. The surface plasmon resonance band of the long axis is originally at 760 nm, but after an irradiation, the peak wavelength of the resonance band shifts down to ~ 675 nm. The change in absorption can be viewed through a transmission image at the irradiation wavelength (760 nm), in which case the recorded area appears brigher due to the decreased absorption. However, reading at 690 nm, the irradiated area now appears to be darker due to the increased absorption. At other wavelengths (i.e. 950 nm), no recording could be detected. 2. Recording on nanorods of mixed two sizes: Spectral encoding Fig. 3 shows the absorption spectrum of laser treated and untreated two size nanorods embedded in silica matrix (aspect ratios 3 & 5) . The original (untreated) sample shows two surface plasmon absorption peaks at ~ 760 nm and ~ 920 nm, which corresponds to the absorption peak of aspect ratio 3 and 5 nanorods, respectively. The laser treatment at 760 nm shows the shift in absorption peak of only the shorter nanorods (aspect ratio 3) without affecting the longer rods -absorption band at 920 nm do not shift (Fig. 3a) , and vice versa (Fig. 3b ). These results demonstrate the feasibility for the two-colour spectral encoding. Fig. 4 demonstrates the actual two-colour spectrally encoded recordings. The letters A to G were recorded at two surface plasma resonance wavelengths, 760 nm & 920 nm within one region of interest. The letters "C", "D", and "E" were recorded at 760 nm, whereas the letters "A", "B", "F" and "G" were recorded at 920 nm. Fig. 4a shows the reading at 760 nm, which only resolves letters "C", "D", and "E," recorded at the same wavelength. The Fig. 4b shows the reading at 920nm, which again only resolves the letters "A", "B", "F" and "G," without resolving letters recorded at other wavelengths. The cross-talk between the letters exists due to the varying recording beam power, but the optimization study showed that the cross-talk could be easily removed. 
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The theoretical study on the recording time showed that it only required one laser pulse to record a bit. An experimental investigation showed that the varying the exposure time for recording one bit from 100 ms down to 0.2 ms showed no sign of variance in recorded structure (0.2 ms limit was imposed by the mechanical shutter speed in our experiment). We are in the process of testing 1 nano Joule pulse recording to confirm our theoretical predictions. reading at 920nm. Only the letters "A", "B", "F" and "G," are observed, demonstrating the two-colour spectral encoding.
